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SPECIFICATION 



POLYCAHBONATE RESIN HAVING HIGH REFRACTIVE INDEX AND 

LOW BIREFRINGENCE 

5 

[Abstract] 
[Purpose] 

To provide a polycarbonate resin having a high refractive index 
and a low bire&ingence without deteriorating the transparency of a 
10 polycarbonate resin. 
[Constitution] 

This polycarbonate resin having a high refractive index and a low 
birefringence, containing 9,9-bis(4-oxyphenylene)£luorene structure units 
in an amount of 41 to 95 percent by mole, and having a photoelastic 
15 constant of not more than 50 X lO ^^ cm^/dyne and a specific viscosity of not 
less than 0.19. 



[Claim] 

1. A polycarbonate resin having a high refractive index and a low 
20 birefringence, comprising structural units represented by tie following 
general formula II] 




[wherein, Ri to R4 may be identical or different, and represent a hydrogen 
atom, a halogen atom, a phenyl group, or an alkyl group having 1 to 3 
carbon atoms] and structural units represented by the following general 
30 formula [2] 



k5 in jo II 
-O-Q-W-^-O-C- 
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2- 



[ wherein, W represents a single bond, an alkylidene group, a 
cycloalkylidene group, a phenyl group-substituted alkylidene group, a 
sulfone group, a sulfide group or an oxide group; Rs and Re may be 
identical or different, and represent a hydrogen atom, a halogen atom, a 

5 phenyl group, or an alkyl group having 1 to 3 carbon atoms; m and n each 
represents an integer of 1 to 4], containing the structural units 
represented by the general formula [Ij in an amount of 41 to 95 percent by 
mole, and having a photoelastic constant of not more than 50 X 10^^ 
cm^/dyne and a specific viscosity of not less than 0.19 measured at 20°C, 

10 after 0.7 g of the polycarbonate resin is dissolved in 100 ml of methylene 
chloride. 



[Detailed Description of the Invention] 
[Utilization in Industry] 

15 The present invention relates to a polycarbbnate resin having an 

improved refractive index and an improved bire&ingence, or in more detail, 
to a polycarbonate resin having 9,9-bis(4-oxyphenylene)£luorene structural 
units in a specific amount, and having a high refractive index, a low 
birefringence and excellent transparency. Such the resin is extremely 

20 useful as a raw material for optical lenses such as CD pickup lenses and 
Fresnel lenses, screens for projection televisions, films such as phase 
difference films, and disks. 

[Background Art] 

25 A polycarbonate resin obtained by reacting 2,2-bis(4- 

hydroxyphenyDpropane with a carbonate precursor has been used in many 
fields as an engineering plastic, because of having excellent transparency, 
hnat resistance, mechanical characteristics and dimensional stabihty. 
Especially, the polycarbonate resin has many uses as an optical material 

30 because of having excellent transparency. However, the polycarbonate 
resin has a difficult point that the birefringence of the resin is too large for 
employment as the optical material. 



[Problems to be Solved by the Invention] 
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The object of the present invention is to provide the polycarbonate 
resin having the high refractive index and the low birefringence without 
deteriorating the transparency of the polycarbonate resin. 

The inventors of the present invention have zealously made 
5 studies to achieve the object, and have consequently discovered that a 
copolycarbonate into which 9,9"bis(4-oxyphenylene)fluorene stiiictural 
units are introduced at a specific rate achieves the above-described object, 
thus having reaching the present invention. 

An aromatic polycarbonate resin obtained by reacting 9,9-bis(4" 
10 hydroxyphenyl)fluorene with a carbonate precursor has been known, and 
it has also been known that the polymer has a high refractive index and 
good heat resistance. However, on the synthesis of this homopolymer, a 
large amount of solvent-insoluble gel-hke products were byproduced, and 
the yield of the solvent- soluble component was at most 60 to 70%, 
15 Therefore, the practicality of the homopolymer was poor. There was also 
a problem that the homopolymer could not be melt^molded, because the 
melt-viscosity of the homopolymer was too high. 

However, it is siuprising that the aromatic polycarbonate resin 
copolymerized with a spedfic amount of the 9,£)-bis(4" 
20 oxyphenylcne)fluorene structural units not only does not have such the 
defect but also exhibits the high refractive index and the low birefringence. 

[Problems to be Solved by the Invention] 

The present invention relates to the polycarbonate resin having 
25 the high refractive index and the low birefringence, comprising structural 
units represented by the following general formula [1] 



30 




[wherein, Ri to R4 may be identical or different and represent a hydrogen 
atom, a halogen atom, a phenyl group, or an alkyl group having 1 to 3 
carbon atoms] and structural units represented by the following general 
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formvda [2] 

j5 m ^ n II 
-O-^-W-^-O-C- C23 

5 

[wherein, W represents a single bond, an alkylidene gi'oup, a 
cycloalkylidene group, a phenyl gronp'substituted alkylidene group, a 
sulfone group, a sulfide group or an oxide group; R& and Re may be 
identical or different and represent a hydrogen atom, a halogen atom, a 

10 phenyl group, or an alkyl group having 1 to 3 carbon atoms; m and n each 
represents an integer of 1 to 4l, containing the structural xmits 
represented by the general formula [l] in an amount of 41 to 95 percent by 
mole, and having a photoelastic constant of not more than 50 x lO'^^ 
cm^/dyne and a specific viscosity of not less than 0.19 measured at 20V', 

15 after 0.7 g of the polycarbonate resin is dissolved in 100 ml of methylene 
chloride. 

The polycarbonate resin targeted in the present invention is 
produced by the reaction of a 9,9-bis(4-hydroxyphenyDfluorene compound, 
one or more other dihydric phenol compounds, a terminating agent, and a 

20 carbonate precursor. The polycarbonate resin is usually produced by an 
interfacial polycondensation method using phosgene or by an ester 
interchange method using a carbonic diester. 

The 9,9-bis(4-hydroxyphenyl)fluorene compound includes 9,9- 
bis(4"hydroxyphenyD£luorene» 9,9-bis(3-methyl-4-hydroxyphenyl)fluorene, 

25 and 9,9-bis(3-ethyl-4-hydroxyphenyl)fluorene. and is especially preferably 
9,9-bis(4-hydroxyphenyDfluorene. 

The other dihydric phenol includes bis(4-hydroxyphenyl)methane, 
2,2-bis(4-hydroxyphenyDpropane [alias bisphenol A], 2,2"bis(4-hydroxy-3- 
methylphenyDpropane, 4,4-bis(4-hydroxyphenyl)heptane. 2,2-bis(4- 

30 hydroxy3,5-dichlorophenyl)propane, 2.2-bis(4-hydroxy-3,5- 
dLbromophenyl)propane, bis(4^hydroxyphenyDoxide, bis(3,5-dichloro-4" 
hydroxyphenyDoxide, 4,4'-dihydroxydiphenyl. 3,3''dichloro-4,4'- 
dihydroxydiphenyl, bis(4-hydroxyphenyDsulfone, bis(3,5'dimethyl-4- 
hydroxyphGnyl)sulfone, bi3(4-hydroxyphenyl)sulfide. and bis(4- 
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hydroxyphenyOsulfoxide, and is especially preferably bisphenol A. The 
terminating agent includes a monohydxic phenol such as p-tert* 
buLylphenol, The terminating agent is used in an amount of usually 0.01 
to 10 percent by mole, especially 0.03 to 8 percent by mole, based on the 
5 used dihydrxc phenol. 

In the interfadai polycondensation reaction using the phosgene, 
the 9,9-bis(4-hydroxypheiiyDfluorene compoimd and the one or more other 
dihydric phenol compounds are usually dissolved in the aqueous solution 
of an acid-bonding agent and then subjected to the interfacial 

10 polycondensation reaction in the presence of an organic solvent. The add- 
bonding agent includes alkah metal hydroxides such as sodium hydroxide 
and potassium hydroxide, and the organic solvent includes halogenated 
hydrocarbons such as methylene chloride and chlorobenzene. The 
reaction finishes at usually 0 to 40^0, preferably 20 to 30t:, after about 10 

15 minutes to 10 hours from the starting time. It is preferable to maintain 
the pH value of the reaction system to 10 or larger, as the reaction 
advances. A catalyst may be used to accelerate the reaction. The 
catalyst includes tertiary amines, quaternary ammonium compounds and 
quaternary phosphonium compounds, such as triethyl amin e, tetra-n- 

20 butylanimonium bromide^ and tetra-n-butylphosphonium bromide. If 
necessary, an antioxidant such as hydrosulfite may further be added. 

The ester interchange reaction using the carbonic diester is 
carried out by heating and stirring the 9,9-bis(4-hydroxyphenyDfluorene 
compound, the one or more other dihydric phenol compounds and the 

25 carbonic diester in the atmosphere of an inert gas. while distilling away 
the by-produced alcohol or phenol. The reaction temperature is usually 
ranged from 120 to 350*C, although depending on the boiling point of the 
by-produced alcohol or phenol. In the last term of the reaction, the 
pressure of the reaction system is reduced to easily distil away the by 

30 produced alcohol or phenol, thereby completing the reaction. The 
cai^bonic diester includes diphenyl carbonate, dinaphthyl carbonate, 
bis(diphenyDcarbonate. dimethyl carbonate, diethyl carbonate, and dibutyl 
carbonate, and is espedally preferably diphenyl carbonate. 

A pol5nmcri2;ation catalyst may be used to increase the 
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polymerization rate. The polymerization catalyst includes alkali metal 
and alkaline earth metal hydroxides such as sodium hydroxide and 
potassium hydroxide, the alkali metal salts, alkaline earth metal salts or 
quaternary ammonium salts of boron or aluminum hydroxide, the 
5 alkoxides of alkali metals or alkaline earth metals, the organic acid salts of 
alkaJi metals or alkaline earth metals, zinc compounds, boron compounds, 
silicon compounds, germanium compounds, organic tin compounds, read 
compounds, antimony compounds, manganese compounds, titanium 
compounds, and zirconium compoamds which can usually be used for 
10 esterification reactions or ester interchange reactions. Only one catalyst 
may be used, or a combination comprising two or more catalysts may also 
be used. The amount of the used catalyst or catalysts is selected from the 
range of 0.0001 to 1 percent by weight, preferably 0.0005 to 0.5 percent by 
weight. 

15 The molecular weight of the polycarbonate resin is not less than 

0.19, preferably 0.26 to 0.45, measured with a methylene chloride solution 
having a concentration of 0.7 g/dl at 20t and represented by a specific 
viscosity. The polycarbonate resin having a molecular weight of less than 
0.19 is not suitable, because of giving a brittle molded article. 

20 The content of the structural units represented by the above- 

described general formida 111 and the content of the structural units 
represented by the above-described general formxila [2] in the 
polycarbonate resin of the present invention are 41 to 95 percent by mole 
and 59 to 5 percent by mole, respectively. When the content of the 

25 structural units represented by the general formula [1] is less than 41 
percent by mole, the birefringence is sufficiently not lowered, and when 
the content of the structural xuiits represented by the general formula [l] 
exceeds 95 percent by mole, the transparency is deteriorated. 

The polycarbonate resin of the present invention may, if necessary, 

30 contain additives such as a stabilizer, for example, triphenyl phosphite, 
tris(nonylphenyDpho8phite, distearylpentaerythiitol diphosphite, 
diphenylhydrogenphosphite, or Irganox 107S [stearyl- /J -(3,5•di•te^t•buly^ 
4-hydroxyphenyl)pTopionate], a weathering stabilizer, for example, 2-(2'- 
hydroxy5*-methylphenyl)benzotriazole, 2-(2*-hydroxy-3',5'ditert- 
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•7- 



amylphenyl)benzotriazole, 2-(2'-hydxoxy-4'-octoxyphenyDbenzotrLazole, or 



10 



15 



20 



25 



2'hydroxy-4-octoxybeiizophenone, a coloring agent, an EUitistatic agent, a 
mold release agent, and a lubricant. The polycarbonate resin of the 
present invention is formed by an arbitrary method such as an injection 
molding method, an extrusion molding method, or a heat press molding 
method, but a method for forming a film by a casting method is optimal for 
enhandng the transparency. The polycarbonate resin of the present 
invention, obtained as described above exhibits a high refractive index, a 
low bixefidngence and excellent transparency. 

[Examples] 

The following examples are given to further illustrate the present 
invention. Unless especially noted, parts and % in the examples mean 
parts by weight and percent by weight. In addition, the specific viscosity, 
the total light transmittance, the refiractive index and the photoelastic 
coefficient were measured by the following methods. 
The spedfLc viscosity - 

The specific viscosity was measured with 100 ml of a methylene 
chloride solution of 0.7g of the polymer at 20*C 
The total light transmittance - 
The total light transmittance was measured with £ 80 
manufact\ired by Nippon Denshoku (Limited) according to ASTM D-1003. 
The refractive index ' 
The refractive index was measured with Abbe refractometer 
manufactured by Atago (Limited), using D Hne having a wavelength of 
598.3 nm at 

The photoelastic coefficient (birefringence) '• 
The photoelastic coefficient (birefringence) was measured with a 
photoelasticity meastirer PA- 150 manufactured by Kiken Keiki (Limited), 
using a film of 30 ttitti x 10 mm X 100 /x m. 



[Example l] 

21.5 Parts of 9,9-bis(4-hydroxyphenyDfluorene, 2.47 paits of 
bisphenol A, 23.8 parts of a 48.5% aqueous sodium hydroxide solution^ and 
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361 parts of distilled water were placed in a reactor with a stirrer and then 
dissolved. The solution was mixed witli 162 parts of methylene chloride 
and cooled down to 20*C 10.0 Parts of phosgene was blown in the cooled 
solution during 40 minutes. The reaction solution was mixed with a 
5 methylene chloride solution of 0.108 part of p-tert-butylphenol, 2.98 parts 
of a 48.5% aqueous sodium hydroxide solution and 0.05 part of 
triethylamine, and stirred for two hours to finish the reaction. After the 
reaction was finished, the polycarbonate methylene carbonate solution as a 
lower layer was separated from the reaction solution, washed with an 

10 aqueous hydrochloric add solution and distilled water, followed by 
distilliTig away the methylene chloride to leave the polycarbonate powder. 
The obtained powder had a specific viscosity of 0.850. The powder was 
dissolved in methylene chloride and used to produce a film. Thfi film had 
a total light transmittance of 89%, a refiractive index of 1.636, and a 

15 photoelastic coefficient of 24 X 10'^^ cm^/dyne, 

[Example 2] 

The powder was obtained similarly as in Example 1 except that 
19.0 parts of the 9,9-bis(4-hydroxyphenyl)fluorene and 4.11 parts of the 
20 bisphenol A were used. The powder had a specific viscosity of 0,863. 
When the powder was formed and evaluated similarly as in Example 1, 
the obtained film had a total light transmittance of 89%, a refractivR index 
of 1.631 and a photoelastic coefBcient of 30 X 10^^ cm^/dyne. 

[Example 3l 

The powder was obtained similarly as in Example 1 except that 
12.6 parts of the 9,9-bis(4-hydroxyphenyDfluorene and 8.23 parts of the 
bisphenol A were used. The powder had a specific viscosity of 0.755. 
When the powder was formed and evaluated similarly as in Example 1, 
the obtained film had a total light transmittance of 90%, a refractive index 
of 1.616 and a photoelastic coefficient of 48 X lO'^^ cm^/djaie. 

[Comparative Example l] 

The powder was obtained similarly as in Example 1 except that 
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2.53 parts of the 9>9-bis(4-hyd2*oxyphenyl)iluorene and 14,8 parts of the 
bisphenol A were used. Tlie powder had a specific viscosity of 1.024. 
When the powder was formed and evaluated similarly as in Example 1, 
the obtaLtied film had a total light transmittance of 90%, a refractive index 
5 of 1.592 and a photoelastic coefficient of 74 X 10' cm^/dyne. 



[Comparative Example 2] 

When bisphenol A polycarbonate powder {Panhte L-X250 
produced by Teijin Kasei (Limited)] having a specific viscosity of 0.451 was 
10 formed and evaluated similarly as in Example 1, the obtained film had a 
total light transmittance of 90%, a refractive index of 1,589 and a 
photoelastic coefficient of 83 X 10 cm2/dyne. 

[Effect of Invention] 
15 The polycarbonate* resin of the present invention is 

extremely useful for various optical uses requiring high refractive index, 
low birefringence and excellent transparency, such as optical lenses, films 
and disks, because of having the high refractive index, the low 
birefringence and the excellent transparency. 



20 
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